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THE EFFECT OF BASIC NEUTRON REACTION CROSS SECTIONS OF NITROGEN (m,n’),
{n,2n), (n,7r), (r,p) AND (n,c) ON HIGH ENERGY NEUTRON PENETRATION IN AIR

by
G. E. Hansen and H. A. Sandmeler

ABSTRACT

In an evaluation of an integral quantity one 1s interested in the
relative sensitivity of this quantity to the basic input data.

This report assesses numericelly the influence of the basic reac-
tion cross section of nitrogen, the msjor constituent of air, on the
penetration of high energy neutrons in air. The reaction cross sections
investigated ere {n,n’), (n,2n), (n,y), (n,p) and (n,a). The collision
cross section is kept constant in all perturbations and the above indi-
vidual reaction cross sections are assumed to become elastic scattering
collisions, i.e. (n,n’) = (n,n) ++-+++ (a,p) = (n,n). For a 10 m spheri-
cal source of (12-14) Mev neutron we evaluate unperturbed and perturbed
neutron fluxes as a function of energy and distance. Numerical values
for both flux and energy spectra are given at a distance of 825 m. As
a representative example of integral data we evaluate the first colli-
sion dose to soft tissue for the perturbed and unperturbed neutron flux.
It is concluded that the (n,n’) -« (n,n) and the (n,p) » (n,n) perturbe-
tions result in an increase of the dose by a factor of 2 whereas the
(n,a) = (n,n) perturbation increases the dose by & factor of 1.8. The
effect of the (n,2n) and (n,y) perturbation causes insignificant per-
turbations in the first collision dose. One of us (H.A.S.) in a classi-
fled report has also investigated the influence of the above perturba-
tions in the basic nitrogen cross section data to the neutron vulnera-
bility of nuclear weapons.

The present report follows a previous publication including the seme
authors where the effect of calculational methods of the deep penetration
of high energy neutron in air has been investigated.



Introduction. The numerical evaluation of the neu-
tron flux in air due to a high energy neutron
source depends mainly on

a. Method of calculation.

b. Basic cross sections used.

In previous publications (Ref. 1 and 2) we
have inveatigated in detail the methods of calcula-
tions by means of multitable Sn-transport caelcule-
tions which represent the scattering anisotropies
at high energies with variable degree of accuracy.

This report assesses the influence of the basic
reaction cross section of nitrogen, the major con-
stituent of air (~80%), on the numerical values of
the high energy neutron flux at 825 m distance. The
reactions investigated are (m,n’), (n,2n), (n,7),
(n,p) and (n,a). The collision cross section is
kept constant in a1l perturbations, namely
(n,n’) = (n,n), (n,28) ~ (n,n) <<-++ (n,a) = (n,n).

The justification for the chosen perturbation
is the fact that the collision cross section being
determined by a trensmission experiment can usually
be evaluated quite accurately. Most uncertainties
exist between the split up of nonelastic and elastic
scattering reactions. The same philosophy applies
10 the perturbation in the absorption cross sections
vwhere the collision cross section is again held con-
stant and individual absorptions (n,y), (n,p) end
(n,a) are assumed to become elastic scattering
events.

The resulting changes in the flux vary in magni-
tude depending on the reactions which are perturbed.
Since the (n,2n) cross section is very small in mag-
nitude, it will cause a small perturbation in the
flux and we can therefore evaluate the sensitivity
of the (n,2n) reaction theoretically by means of
first-order perturbation theory (Ref. 3). In this
report we are not concerned with the theéoretical cor-
relation and simply substitute a perturbed cross sec~
tion set and evaluate the resulting flux with the
DTF-IV IASL Sn-traneport code. For this study we
have used the l-table-weapons-transport approximation
described in Ref. 1, p. 53.

This recipe differs from the regular l-table-
transport approximetion reported also in Ref. 1, p.
hg,only by the fact that the l-table-weapons~trans-
port uses flux averaging schemes only, whereas the
regular l-table-transport approximation uses flux-
and-current aversging schemes for the cross sections

generated from the IRL~-IASL tape. No undue impor-
tance should be given to this fact here and the re-
sults using either set would lead to the same con-
clusion with which this investigation is concerned.
After the unperturbed and perturbed neutron
spectra is obtained at 825 m distance due to a
monoenergetic source of (12-1%) Mev neutrons, one
would like to associate a physical effect with the
total neutron flux E. ] 1,8 Here we have chosen to

evaluste the first collision dose to soft tissue as
presented in (Ref. 4).

The "target® in this case, the first collision
dose in ergs/grem received by man, is "selective"”
in claessifying neutron energy groups in importance.
The conclusions reached with respect to first col~
lision dose cen be completely different for another
target which "classifies" neutron energy groups ac-
cording to another set of "importance" numbers.

The report by one of us (H.A.S.) in the classified
literature (Ref. 5) is the subject of such an in-

vestigation.

I. Microscopic Cross Sections of N and O.

The cross sections, and associated nuclear data,
used in these calculations are those of the LRL-IASL
neutron data tape library as of October 1966. The
numerical values for nitrogen and oxygen differ
slightly from the values reported in Ref. 1.

The recipe used to generate the Sn-input cross

sections for the l-table weapons transport epproxi-
mation is discussed in Ref. 1 and is repeated here
in Taeble 1.

Zg = Lglo) = I (o)

(1) ¢
Lorig = Ly gtag(®) = Iy gr_g(0) (g’ # &)

0,8 ~8

(1)
Zawg ™ Zo,gg(® = X, gl

(1) (1)
Za = )'_'.g - [ggg ZE"S' + 28"8]

Table 1. Sn-input for l-table-weapons-transport
approximation (p. 53, IA-3415).

The energy group structure is also the same as in
Ref. 1 and is repeated here in Table 2.



— [cm
ero z . . / u=fn Eo/En E, y v [EEE]
rgu'p nergy AE = B -E .y | Eo/Bpy1 (Eo - 1 Mev) Au = in . 1/au . 10-8
1 12-14 Mev | 2 MeV 1.1666 .1536 .1536 6.5104 50
2 8.3-12 Mev | 3.7 MeV 1.4458 .5222 . 3686 2.7130 43
3 5.3-8.3 MeV | 3 MeV 1.5660 .9707 485 2.2297 36
s 3.4-5.3 MeV | 1.9 MeV 1.5588 1.4146 39 2.2528 29
5 2.2-3.4  MeV | 1.2 MeV |  1.5455 1.8499 4353 2.2973 23
6 1l.h-2.2 MeV .8 MeV 1.571% 2.2999 1520 2.2124 19.0
7 0.9-1.4 MeV .5 MeV 1.5556 2.7416 A1y 2.2640 15.0
8 0.58-0.9 Mev .32 MeV 1.5517 3.1809 .4393 2.2763 12.0
9 370-580 KeVv 210 KeVv 1.5676 3.6304 .hgs 2.22h7 9.5
10 240-370 KeV 130 KeV 1.5417 4.0633 4329 2.3100 7.6
11 150-240 KeV 90 KeV 1.6000 4.5333 4700 2.1277 7.2
12 100-150 KeV 50 KeV 1.5 14,8387 .kosh 2.4667 4.9
13 31.6-100  KeV 69  Kev | 3.2258 6.1098 1.1711 -8539 3.28
14 10-31.6 KeV 21 Kev 3.1 7.2412 1.131% .8839 1.78
15 3.16-10 Kev | 6.84 KeV 3.1646 8.3932 1.1520 .8681 1.02
16 1-3.16 Kev | 2.16 KeV 3.16 9.5437 1.1505 .8692 .57
17 .316-1 Kev | .684 KeV 3.1646 10.696 1.1520 .8681 .32
18 100-316. eV | 216 eV 3.16 11.846 1.1505 -8692 .16
19 31.6-100 ev | 68.4 eV 3.1646 12.998 1.1520 .8681 .10
20 10-31.6 eV | 21.6 ev 3.16 1k.1kg 1.1505 .8692 .057
21 3.16-10 eV | 6.8 eV 3.1646 15.301 1.1520 .8681 .032
22 1-3.16 eV | 2.16 eV 3.16 16.451 1.1505 .8692 .018
23 .316-1 eV .684 eV 3.1646 17.603 1.1520 .8681 .010
2l .026-.316 eV .290 eV | 12.1538 20.101 2.4976 4004 .00k
Thermal
25 025-.026 eV .001 eV 1.0k 20.14 .0392 25,57 .002
Table 2. 25 energy group structure (IA-3415, p. 54).
I-1. Nitrogen Unperturbed. nitrogen we need the "unperturbed" Sn-input for all

The unperturbed Sn-input is shown in Teble 3.

In order to generate the "perturbed” Sn-input for

individual reactions, namely (n,n); (n,n’); (n,2n);
Tebles 4, 5, 6, and 7.

(n,7); (n,p) and (n,a).




Table 3.

Microscoplc cross sections of nitrogen for unperturbed l-tbl-tr

(LRL~IASL date Oct. '66) neutron flux in air.

& % Ter %gg | Tevgtl | %avgr2 |%gegs3 | Tmegth | Teer5 | “eer6 | “eerT  |TagtB
1) 17.05-2|1.0% +0|7.73 -2| 3.08 -1 | 1.0k -1]1.36 -1 { 1.03 =1 | 1.29 -1 | 6.0 -2 | 2.68 -2 {1.13 -2
2| .04 -1|9.64 -1 |3.39 -1 2.09 -1 |5.19 -2|{8.83 -2 | 8.29 -2 | 5.30 -2 | 2.33 -2 | 8.05 -3 {2.81 -3
3| 1.76 -1{1.11 +0 | 4.33 «1 | 4.%0 «1 |1.98 -2 (1.39 -2 | 1.64 =2 | 8.17 ~3 2.;10 -3 | 1.68 -4 o.o'

L | 3.5% -1 | 1.3 40 |6.23 -1 | 4.48 -1 | 3.60 -3]1.9% -3 | 2.38 -4 | 0.0 0.0 0.0

5| 2.07 -1 | 1.40 +0 | 7.26 =1 | 4.63 -1 | 0.0 2.91 -k | 0.0

6 | 9.07T =2 | 1.72 +0 | 1.08 +0 | 5.49 -1 0.0

71 4.15 -2| 1.60 +0 | 1.19 +0 | 3.68 -1 l

81} .57 -2]1.76 +0 | 1.22 +0 | k.95 -1 o] 0 0 0 o] o] 0

9| 1.95 ~2]2.30 40 | 1L.51 +0 | 7.73 -1

10 | 1.77 -3]2.77 +0 | 1.91 +0 | 8.52 ~1

11 | 1.50 =3 | 3.22 +0 { 2.32 +0 | 8.99 -1 g T g9 Taagt10 g1l °g~g+;.2 Togtl3 |Cgogtll
12 | 1.50 -3 3.73 +0 | 2.49 +0 | 1.23 +0

13 | 1.61 -3 | 4.71 +0 | 4.07 +0 | 6.37 =1 1 5.15 =3 | b.54k -3 | 1.17 =3] 5.12 -4 | 4.86 -5 {5.03 -6
1 | 2.22 =3 [5.45 40 | k.72 40 ] T.27 -1 2 1.25 =3 | b.h3 -4 | 3.20 <4 | 3.04 =5 3.15 -6 | O

15 | .03 -36.11 +0 |{5.30 +0 | 8.12 -1 3 0 0 0 o} 0

16 | 7.17 -3 |7.10 40 [6.13+0]9.5T =1 | &

17 | 1.27 -2} 8.20 +0 | 7.11 +0 | 1.08 +0 5

18 | 2.22 -2 | 8.98 +0 | 7.81 +0 | 1.15 40

19 | .03 -2 |9.38 +0 | 8.15 +0 | 1.19 +0 .

2 | 7.17 -2|9.57 +0 | 8.30 +0 | 1.20 +0 .

21 | 1.27 -1} 9.76 40 | 8.41 +0 | 1.22 40

22 | 2.26 =1 9.96 40 | 8.51 +0 | 1.22 40

23 | 4.02 -1 {1.01 +1 | 8.47 +0 | 1.22 +0

ah | 8.62 -1 1.07 +1 | 9.67 +0 | 1.4 -1

25 | 1.85 +0 | 1.23 +1 | 1.04 41 25 o] 0 o o o] o




Table k.

Microscopic (n,n) cross sections of nitrogen for unperturbed l-tbl-tr

(LRL~-IASL data Oct. '66) neutron flux in air.

§°' @osPl

8 %og®) %org-g(®) “org-gh1(®) e 1 geel® 71, ggr®)
1 8.95 -1 5.87 -1 3.08 -1 5.10 -1 5.06 1 L. -3
2 9.83 -1 T7.81 -1 2.02 -1 h.h3 -1 4.83 -1 k.02 -2
3 1.16 +0 T.39 -1 %.18 -1 3.06 -1 4,10 -1 -1.0k -1
b 1.34 +0 8.90 -1 447 -1 2.66 -1 4.85 -1 -2.19 -1
5 1.32 +0 8.59 -1 4.63 -1 1.33 -1 2.60 -1 -1.27 -1
6 1.8 +0 1.29 +0 5.49 -1 2.13 -1 360 -1 =1.47 -1
7 1.89 40 1.52 40 3.68 -1 3.33 -1 by -1 -1.11 -1
8 1.87 +0 1.37 +0 k.gs -1 1.55 -1 3.27 -1 ~1.72 -1
9 240 40 | 1.63 40 113 -1 1.19 -1 3.79 -1 -2.59 -1
10 2.91 +0 2.05 +0 8.52 -1 1.k0 -1 k.05 -1 -2.65 -1
11 3.39 +0 2.49 +0 8.99 -1 1.63 -1 h.bho -1 -2.80 -1
12 3.91 +0 2.68 +0 1.23 - +0 1.88 -1 5.71 -1 -3.83 -1
13 4.95 +0 k.31 +0 6.37 -1 2.38 -1 b,25 -1 -1.88 -1
1k 5.72 +0 5.00 +0 7.27 -1 2.75 -1 k.90 -1 -2.15 -1
15 6.u2 +0 5.60 +0 8.12 -1 3.08 -1 5.48 -1 -2.4%0 -1
16 745 40 6.49 40 9.57 -1 3.58 -1 6.40 -1 -2.82 -1
17 8.60 40 7.52 40 1.08 40 %13 -1 7.33 -1 -3.20 -1
18 9.41 +0 8.26 +0 1.15 +0 4,52 -1 7.4 -1 -3.h2 -1
19 9.81 +0 8.62 +0 1.19 +0 .71 -1 8.23 -1 -3.53 -1
20 9.98 +0 8.78 +0 1.20 +0 k.79 -1 8.36 -1 ~3.56 -1
21 1.01 +1 8.90 +0 l.22 +0 4,86 -1 8.49 -1 -3.63 -1
22 1.02 41 9.00 40 1.22 40 hoi -1 8.55 -1 -3.64 -1
23 1.02 +1 8.96 +0 1.22 +0 4.89 -1 8.51 -1 -3.62 -1
2k 1.03 +1 1.02 +1 1.74 -1 L.gy -1 5.48 -1 -5.12 -2
25 1.09 41 1.09 41 5.25 -1 5.25 -1




Table 5.

Microscopic (n,n') cross sections of nitrogen for unperturbed l-tbl-tr

(LRL-1ASL data Oct.

'66) neutron flux in air.

n,n’ n,n’ n,n’ n,n’ n,n’ n,n’
8| 90,g(%) | 90gg(®) | Tolgugn1(0) | %o)augal) | %ojguer3l®) | % e-s+‘+(°) Torgg+5 ) | %o, s*s+6(°)
1| 5.82 -1} 0.0 0.0 1.0k -1 1.36 -1 1.03 -1 1.29 -1 | 6.40 -2
2} 3.19 «~1| 0.0 6.98 -3 5.19 -2 8.83 -2 8.29 -2 5.30 -2 | 2.33 -2
3| 8.4k -2 6.98 -k 2.25 -2 1.98 -2 1.39 -2 1.64 -2 8.17 -3 | 2.70 -3
k| 6.80 -3| 0.0 1.03 -3 3.60 -3 1.94 -3 2.38 -4 0.0 0.0
5| 2.91 -4| 0.0 0.0 0.0 2.91 -4 0.0 0.0 0.0
25) 0 0 o} 0 o} 0
g| ™ ()] ™™ (o)| o8 (o) |e™ (o) o™ ()™ (o)aBrR | (o)a™R .\ (o)
0,&g+T Yo,gg+8 %0,gg+9 °’ |%0,8+g+10 %, g-g+11 0,g-g+12'°’| %0, g-g+13 %, e-s+l‘+
1) 2.68 -2 |1.13 -2 | kb9 -3 |1.99 -3 [7.08 -4 {5.12 -4 14.86 -5 15.03 -6
21 8.05 -3 | 2.81 -3 | 1.25 -3 [4.43 -4 [3.20 -4 |3.04 -5 13.15 -6
3| 1.68 - | 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25| 0 0 0 0 0 0 0 0




Table 6.

Microscopic (n,2n) cross sections of nitrogen for unperturbed l-tbl-tr

(LRL-IASL data Oct. '66) neutron flux in air.

n,2an n,2n n,2n n,2n n,2n n,2n n,2n
g g (o) co’g_.g(O) "o,g—og+1(°) °o,g~g+2(°) "o,g—og+3(°) "o,g-.g+u(°) °°,s~s+5(°)
1 1.83 -3 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0 0 ) 0 ) ) 0
n,2n n,2n n,2n n,en n,2n n,2n
& | %o,pm6®)|  To,mm1l®) | Tojguged®) | Tolaguol®) | 0gg10l®) | 00)guginn(®)
1 0.0 0.0 0.0 6.59 b 2.55 -3 4,58 =i
2 0.0 0.0 0.0 0.0 0.0 0.0
25 0 ) 0 0 ) 0




Teble 7.
Microscopic {(n,y); (n,p) and (n,a) cross sections of nitrogen for unperturbed l-tbl-tr

(IRL~IASL data Oct. '66) neutron flux in air.

8 oo (o) 0o (o) g0
1 0.0 1.66 -2 5.57 =2
2 1.95 -2 8.49 -2
3 2.3% -2 1.53 =1
4 4.89 -2 3.05 -1
5 4,76 -2 1.60 -1
6 L.ok -2 5.03 -2
T 3.39 -2 T.55 -3
8 .57 2 0.0

9 1.95 -2

10 .1-77 -3

1 1.50 -3

12 1.50 =3

13 1.61 -3

1k 2.22 -3

15 4.03 -3

16 T.17 -3

17 g 1.27 -2

18 2.4k -5 ' 2.02 -2

19 1.60 -3 3.87 -2

20 3.35 -3 6.84 -2

21 6.17 -3 1.21 -1

22 1.13 -2 2.15 -1

23 2.03 -2 3.82 -1

=1 3.85 -2 8.23 -1

25 T.46 -2 1.77 +0 !,




I-2. Nitrogen Perturbed.

As mentioned previously, we want to keep the
collision cross section constant in all perturba-
tions. Also the individusl reactions (n,n'),
(n,2n), (n,v), (n,p) and (n,a) are assumed to be-
come elastic scattering events; i.e., (n,n). Let us
consider the perturbation in (n,n’) to show how the
perturbed cross section sets have been generated.

The unperturbed Sn-input on the IHS of the
Boltzmann equation is ag, the collision cross sec-~
tion,and on the RHS of the B.E. we have o(l) and
several og}-'g’ Let us now generate a per‘f‘ugbed set
of Sn-input crogs sections where the inelastic scat-

tering (n,n’) has been set to zero and denote these

(1)’

with ‘. We get a new set, namely ¢’, ¢ and
Y ’ W ogr Tgug
several og,_‘g. Symbolically we have
unperturbed (1) (1)
set og"""cg-‘g’og'—g”"' (1)
? ’
perwbed, W QY
set (c™'" =0) g a-g g —8
We now add to both sides of the B.E. (2)
, 4
g - ceee e = sesee o
% « % (3)
We get
(1)’ (1)
veeeed + log_- o oo o L
% gg ¥ 95l %ig (4)

The new set (4) has the same collision cross sec-
tion as the unperturbed set (1) and the difference
of og-oé has been added to(;l)nle perturbed in group
scattering cross section o ag We have therefore
accomplished what we set out to do in a perturba-
tion; namely, keeping the collision cross section
constant and letting the inelastic scattering be-
come an elestic in-~group scattering.

This procedure has been repeated for all per-
turbations leading to five perturbed cross section

sets for nitrogen, namely {n,n’)~(n,n), (n,2n)-(n,n),

(n,o)=(n,n), (n,p)~(n,n) end (n,a)~(n,n). We do not
present these perturbed sets,as they can be con-
structed from the unperturbed data in Tables 3
through 7.

I-3. Oxygen.
The oxygen cross section was kept constant in
this calculation for all perturbations in the nitro-

gen data.

II. Macroscopic Cross Sections of N and O.

The macroscopic cross sectiomsof nitrogen and
oxygen were obtained from the mlicroscopic data dis-
cussed in I and the sea level air compositions
quoted in (Ref. 1) p. 41, namely

1.22 gra.m/liter sea level air
normal day 15°C
-5 ok
nitrogen 7% h.o2k x 1072 x 10° nuclei/cc
oxygen 214 1.070 x 1072 x 1021‘ nuclei/cc.

III. Fast Neutron Penetration in Sea Level Air.

Usin% the unperturbed and perturbed l-table-
transport cross sections sets, we have evaluated
the neutron flux in a homogeneous see level air at-
mosphere due to a gp 1 source of {(12-1%)Mev neutrons
(10 m sphere, 1 neutron). The outer radius of the
spherical one-dimensionel, 88, calculation was at
1100 meters end the flux was evaluated at 102 space
points.

The numerical values of the group fluxes at
825 meters are listed in Table 8. The change in
flux 88/% at 825 m for the (m,n’)~(n,n) and
(n,p)=(n,n) perturbation as opposed to the unper-
turbed flux ¢ is shown in Figs.l and 2.

Table 9 lists the spectral components and Figs.
3 and 4 show the spectrum for the (n,n’)-(n,n) and
(n,p)+{(n,n) perturbation et 825 m.

In order thet the reader is not misled by the
eppearence of a large peak in the spectrum for gp 25
with a small lethargy increment Au as given in Table
2, we have changed gps 2% and 25 as follows. The
energy E and lethargy limits u for gp 24 are
E(-316-.0413 ev), u(17.603-19.64), i.e., Au = 2.01
and for gp 25, E(.0413-.0152 ev), u = (19.64-20.64),
i.e4 8u = 1.0. The area under a lethargy interval
is proportional to the number of neutrons in this
energy interval. For a small interval Au,
hnRieé 1 g/Au will be large, glving the physicel im-
pression of g large neutron population in this
energy lnterval. By choosing longer lethargy in-
tervals, we will avoid this unphysicsl appearance.
For the values of @1’ 8we have however used the
values given by the group structure given in Table
2.

(1)

For simplicity we call here and subsequently the
l-table weapon transport approximation in IA=-3415
p. 53, 1-table transport approximation.

11




Table 8.

Neutron flux in sea level air at 825 m due to gp 1 (12-1% Mev) source (10 m sphere, 1 neut.)

1-tbl-tr, IRL-IASL data N,0; Oct. '66.

8, (825 m)
perturbed

g | unperturbed n,n’-n,n n, 2n-n,n n,y-n,n n,p-~n,n n,o-n,n
1 1.k6 -13 7.58 =13 1.k6 -13 1.6 -13 1.51 -13 1.65 =13
2 2.70 =13 1.62 =12 2.70 =13 2.69 -13 2.88 -13 3.5% <13
3 2.40 -13 8.22 -13 2,40 -13 2.40 -13 2.62 -13 3.90 -13
L | 2.60 -13 5.83 =13 2.61 -13 2.60 -13 2.97 -13 5.95 -13
5 | 5.30 =13 T.49 -13 5.31 «13 5.30 =13 6.38 -13 1.29 12
6 6.16 =13 6.37 =13 6.17 -13 6.16 -13 7.60 =13 1.35 =12
T 8.57 =13 7.81 =13 8.59 -13 8.57 -13 1.08 =12 1.67 -12
8 1.09 =12 8.68 -13 1.09 -12 1.09 -~12 1.h5 -12 1.94 =12
9 6.10 =13 k.70 =13 6.11 -13 6.10 -13 8.17 -13 1.06 -12
10 7.33 =13 5.38 -13 7.3+ -13 T.33 -13 9.7% -13 1.2k <12
11t 7.97 =13 5.63 -13 7.98 -13 7.97 -13 1.05 -12 1.32 -12
12 6.26 =13 k.31 -13 6.26 -13 6.26 -13 8.23 -13 1.02 -12
13 1.3 =12 8.85 -13 1.3k -12 1.3k =12 1.75 -12 2.1k -12
14 l.2% =12 7.96 ~13 1.2k -12 1.2k -12 1.61 -12 1.96 -12
15 | 1.15 =12 7.23 -13 1.15 -12 1.15 -12 1.50 -12 1.80 -l2
16 1.01 -12 6.21 -13 1.00 -12 1.00 -12 1.31 =12 1.56 =12
17 | 9.04 -13 5.52 =13 9.03 -13 9.03 ~13 1.19 =12 1.39 -12
18 8.48 -13 5.13 =13 8.48 -13 8.k8 -13 1.1h .12 1.30 -12
19 | 8.11 -13 L.86 -13 8.10 -13 8.12 -13 1.12 .12 1.2k -12
2 | 7.69 -13 4,57 -13. 7.69 -13 7.72 -13 1.11 .12 1.17 =12
21 | 6.96 -13 k.11 -13 6.95 -13 7.02 -13 1.10 -12 1.05 -12
22 | 5.99 -13 3.51 -13 5.98 -13 6.08 -13 1.09 -12 9.03 -13
23 4,65 -13 2.71 -13 k.64 <13 4,78 -13 1.09 =12 6.99 -13
ol 5.91 =13 3.42 -13 5.90 =13 6.31 -13 6.47 -12 8.85 -13
25 6.09 =~14 3.51 =14 6.08 -1k 6.78 -1k 1.6 -11 9.10 -1k




Table 9.

Spectral component for neutron flux in sea level air at 825 m

due to gp 1 (12-1% Mev) source (10 m sphere, 1 neut.).

hﬂRiQQijg/Au R=8>5mn
knR ie/ Au perturbed

g (R=825 m) unperturbed n,n'-n,n n,2n-n,n n,y-n,n n,p-n,n n,o~n,n

1| 5.568L +11 8.129% -2 h.2206 -1 8.129% -2 8.1294 -2 8.4078 -2 9.1874 -2
2 2.3204 +11 6.2651 -2 3.7590 =1 6.27T48 -2 6.2419 -2 6.682k -2 8.0054 -2
31 1.9071 +11 L.5770 2 1.5676 -1 L.5770 -2 L.5170 -2 k.9966 -2 74317 -2
4 1.9268 +11 5.0097 =2 1.1233 -1 5.0289 -2 5.0097 =2 5.7226 =2 1.1464 -1
5 1.9649 +11 1.041% -1 14717 -1 1.043% -1 1.0k -1 1.2536 -1 2.5347 -1
6 1.8923 +11 1.1657 -1 1.2054 -1 1.1675 -1 1.1657 -1 1.4381 -1 2.55k6 -1
7 1.9364 +11 1.6595 -1 1.5123 -1 1.6614 -1 1.6595 -1 2.0913 -1 3.2338 -1
81 1.9469 +11 2.1221 -1 1.6899 -1 2.1221 -1 2.1221 -1 2.8230 -1 3.7770 -1
9 1.9628 +11 1.1607 -1 8.9432 -2 1.1626 -1 1.1607 -1 1.5546 -1 2.0170 -1
10 1.9757 +11 182 -1 1.0629 =1 1.k502 -1 1.4482 -1 1.9243 -1 2.4h99 -1
11 1.8198 +11 L.hs04 -1 1.0245 -1 1.k502 -1 1.4504 -1 1.9108 -1 2.4021 -1
12 | 2.1098 +11 1.3207 -1 9.0932 -2 1.3207 -1 1.3207 -1 1.736% -1 2.1520 -1
13 T7.3034% +10 9.7866 -2 6.4635 -2 9.7866 -2 9.7866 -2 1.2781 -1 1.5629 -1
1k 7.5596 +10 9.3739 -2 6.0174 -2 9.3739 -2 9.3739 -2 1.2171 -1 1.4817 -1
15 T.hb245 +10 8.5382 -2 5.3679 -2 8.5382 -2 8.5382 -2 1.1137 -1 1.336F -1
16 T.4342 +10 7.5085 -2 4.6166 -2 ~T.h3ke -2 T.h342 -2 9.7388 -2 1.1597 -1
17 7.4245 +10 6.7117 =2 h.0983 -2 6.7043 -2 6.7043 -2 8.8352 -2 1.0320 -1
18 T7.4342 +10 6.30k2 -2 3.8137 -2 A 6.3042 -2 6.30k2 -2 8.4750 -2 9.6645 -2
19 T.4245 +10 6.0213 -2 3.6083 -2 6.0138 -2 6.0287 -2 8.3154 -2 9.2064k -2
20 | T7.h342 +10 5.7169 -2 3.397% -2 5.7169 -2 5.7392 -2 8.2520 -2 8.6980 -2
21 | T7.hals +10 5.1675 -2 3.0515 -2 5.1600 -2 5.2120 -2 8.1670 -2 7.7957 -2
22 7.4342 +10 L.4531 -2 2.609% -2 L. 4457 -2 k.5200 -2 8.1033 -2 6.7131 -2
23 T.4245 +10 3.2k -2 2.0120 -2 3.4450 -2 3.5489 -2 8.0927 -2 5.1897 -2
2k 4,2551 +10 2.5147 -2 1.k552 -2 2.5105 -2 2.6850 -2 2.8679 -1 3.7658 -1
25 8.5530 +10 5.2089 -3 3.0021 -3 5.2003 -3 5.7989 -3 1027 O 7.7832 -3
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IV, First Collision Dose,

The first collision dose numbers are taken
from Ref. 5 and are listed in Table 10, The evalu-~
ated dose in ergs/gm X lme at 825 m sea level air

is shown in Fig. 5.
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Fig. S.
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First collision dose in man due to high energy neutron source at 825 m.




Table 10. First collision dose numbers.

First
Growp snerey & (el isiem dome
g x1c®
1 12-14 Mev 80.0
2 8.3-12 Mev 70.0
3 5.3-8.3 Mev 50.0
4 3.k-5.3 MeV ko.0
5 2.2-3.k MeV 35.0
6 l.k-2.2 MeV 30.0
T 0.9-1.4 MeV 25.0
8 0.58-0.9 MeV 18.0
9 370-580 KeV 17.0
10 240-370 KeV 12.0
1n 150-2k0 KeV 10.0
12 100-150 KeV 7.0
13 31.6-100  KeV 5.0
14 10-31.6 KeV 2.0 .
15 3.16-10 KeV 1.0
16 1-3.16 KeV .20
17 .316-1 KeV .12
18 100-316. ev .10
19 31.6-100 ‘ eV .12
20 10-31.6 ev .25
21 3.16-10 ev ]
22 1-3.16 eV .80
23 .316-1 ev 1.3
2k .026-.316 k.0
2> .02';1.1:3;;2.1 ev 7.0
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